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1  | INTRODUC TION

The glucagon‐like peptide‐1 receptor agonist (GLP‐1 RA) pharma‐
cological class is increasingly becoming a widely prescribed ther‐
apy in type 2 diabetes (T2D) based upon a robust hypoglycaemic 
effect mediated through stimulation of β‐cells aimed to enhance 

insulin secretion in a glucose‐dependent manner, while simultane‐
ously suppressing the secretion of glucagon from α‐cells. Besides, 
GLP‐1 RAs are able to prolong gastric emptying and induce satiety 
with a potential to reduce body weight, a major factor contributing 
to insulin resistance and hyperglycaemia in T2DM.1,2 Clinical trials 
have demonstrated that GLP‐1 RA therapy is able to reduce glycated 
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Summary
Aims: To evaluate in a real‐world setting the effectiveness and tolerability of availa‐
ble GLP‐1 RA drugs in patients with type 2 diabetes after a prolonged follow‐up.
Materials and methods: Observational, retrospective, single‐centre study in patients 
starting GLP‐1 RA therapy. Change in HbA1c, fasting plasma glucose (FPG) and body 
mass index (BMI) along with gastrointestinal (GI) adverse events and withdrawal from 
GLP‐1 RA therapy were evaluated. Lack of efficacy of GLP‐1 RA therapy according to 
prespecified goals was also measured.
Results: A total of 735 patients were included, mean age 59.7 years, duration of dia‐
betes 9.01 years, HbA1c 8.18% and BMI 38.56 kg/m2. Average follow‐up was 
18.97 months (range 4.2‐39.09). All HbA1c (0.93%; P < 0.01), FPG (24 mg/dL; 
P < 0.01) and BMI (1.55 kg/m2; P < 0.05) were significantly reduced from baseline 
and maintained throughout follow‐up, regardless of prescribed GLP‐1 RA. GI adverse 
events were present in 13.81% of patients at first follow‐up visit, 37.07% of patients 
discontinued GLP‐1 RA treatment, and 38.63% did not meet efficacy goals.
Conclusions: In a real‐world setting, GLP‐1 RA therapy is largely prescribed in se‐
verely obese patients with a long‐standing and poorly controlled diabetes. All pre‐
scribed GLP‐1 RAs significantly decreased HbA1c, FPG and BMI. GI adverse events 
affected a low proportion of patients. Inversely, a high proportion of patients did not 
meet efficacy goals and/or discontinued GLP‐1 RA treatment. Baseline characteris‐
tics of patients and lack of adherence may represent important issues underlying 
differences in effectiveness in real‐world studies versus randomized trials.
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haemoglobin (HbA1c) by 1.0% from baseline values with a reduced 
risk of hypoglycaemia compared with sulfonylurea and insulin.3,4 
Furthermore, many of these agents induce significant weight loss.3,4 
Nevertheless, clinically meaningful differences have been described 
in head‐to‐head trials in regard of the magnitude of the effect on 
these outcomes associated to different drugs of the class, with a 
higher effect on weight and glucose reduction for liraglutide and 
weekly‐based therapies, that is exenatide LAR and dulaglutide, as 
compared with daily‐based ones, exenatide and lixisenatide.5,6

In addition to improving hyperglycaemia, GLP‐1 RAs also coun‐
teract other diabetes‐associated conditions, including obesity, 
hypertension and hyperlipidaemia.7,8 Furthermore, some GLP‐1 
RAs have demonstrated certain anti‐atherosclerotic properties, as 
improvement of endothelial dysfunction and reduction of inflam‐
matory markers and oxidative stress.9 Such a comprehensive phar‐
macological profile is probably underlying a growing evidence for a 
potential cardiovascular risk reduction of the class.10-13 Indeed, a re‐
cent meta‐analysis by Bethel et al14 has shown a consistent effect of 
GLP‐1 RAs included in reducing CV risk, with no evidence for further 
safety concerns beyond GI tolerance.

Following the regulatory approval of different GLP‐1 RAs, pro‐
viding real‐world evidence for the effectiveness and safety of the 
class under routine clinical practice conditions is an important step 
in confirming the clinical benefits/risks expected, based on the ap‐
proved label. Most of the retrospective studies published so far in 
the real‐world (RW) setting have been designed with a limited fol‐
low‐up period of 6‐12 months. Even in this scenario, some authors 
have found a significantly poorer performance of GLP‐1 RAs in terms 
of efficacy outcomes, as compared to those on randomized control 
trials (RCTs).15-17 Lack of therapeutic adherence and different base‐
line patients’ demographics probably rely as important determinants 
of this gap between RCTs and RW studies.18,19 Thus, concerns about 
effectiveness in real‐world do exist and more retrospective studies 
with appropriate long‐term follow‐up are needed to better charac‐
terize the clinical profile of this therapeutic class.

The aim of this long‐term observational, retrospective, single‐
centre study was to evaluate in a real‐world setting the effective‐
ness, tolerability and therapeutic adherence of all available GLP‐1 
RAs prescribed under routine clinical practice, and evaluate the 
baseline characteristics of T2DM patients acceding to this therapy 
since this drug class became available in Spain with the introduction 
of exenatide in 2009.

2  | MATERIAL AND METHODS

2.1 | Study population

Hospital records from all patients in which a GLP‐1 RA treat‐
ment was newly prescribed from January 2009 to December 
2016 at our tertiary hospital (Son Espases University Hospital, 
Palma de Mallorca, Spain) were collected and retrospectively re‐
viewed. Off‐label prescriptions for type 1 diabetic patients and 
nondiabetic obese patients were excluded from analysis. Given 

the reimbursement conditions implemented by Spanish Health 
authorities, all included patients were 18‐year‐old or older, had a 
diagnosis of T2DM on previous oral antidiabetic medications and 
had a body mass index (BMI) of ≥30 kg/m2. All study investigators 
were endocrinologists working for the Endocrinology Department 
at Son Espases University Hospital, representing the usual setting 
where GLP‐1 RA treatments are initiated in Spain. Given the ob‐
servational retrospective nature of this study, individual consent 
was not required after ensuring for anonymization of data.

The study protocol was approved by the Hospital Research 
Committee and the Institutional Ethical Review Board, and the study 
was conducted in compliance with the ethics guidelines for research in 
humans as recorded in the International Guidelines for Ethical Review 
of Epidemiological Studies and with the Helsinki Declaration of 1964.

2.2 | Outcomes and variables measured

Hospital records were used to retrospectively assess patients’ char‐
acteristics at baseline (visit in which a GLP‐1 RA was first prescribed), 
and then every 6 months intervals until 24 months of follow‐up. For 
those patients with available hospital records beyond 24 months, 
last hospital visit available was selected and included in the analysis.

Variables evaluated at baseline visit included patients’ demograph‐
ics, duration of diabetes, background antidiabetic therapy, anthropo‐
metric measurements (height, weight and BMI) and laboratory variables 
(fasting plasma glucose and HbA1c), as well as type and dosage of 
GLP‐1 RA initially prescribed. Subsequent visits additionally included 
changes in HbA1c, FPG and BMI as efficacy variables, change of GLP‐1 
RA type or dose (if applicable), self‐reported gastrointestinal adverse 
events (including nausea, vomiting, abdominal pain and diarrhoea) and 
GLP‐1 RA therapy discontinuation, if applicable. Further evaluation of 
clinical effectiveness was performed based upon an arbitrary definition 
derived from NICE guidelines20: Therapy with GLP‐1 RA would be con‐
sidered effective if a HbA1c reduction ≥0.5% and/or a weight reduction 
≥3% was achieved after at least 6 months of follow‐up.

2.3 | Statistical analysis

Categorical data are shown in percentages. All continuous variables 
were tested and proved to follow a normal distribution, being ex‐
pressed as mean (± standard deviation). Two‐sided homo/heterosce‐
dastic Student t tests were used for comparison of parametrically 
distributed baseline data. ANCOVA tests for repeated measures 
were performed to compare baseline data versus follow‐up data. A 
P < 0.05 value was assumed for statistical significance (Statplus sta‐
tistical package 2016©, AnalystSoft, Walnut, CA).

3  | RESULTS

3.1 | Baseline characteristics

A total of 735 out of 844 patients with a GLP‐1 RA first prescription from 
2009 to 2016 met criteria to undergo further analysis. Patients excluded 
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from final analysis included those with off‐label prescriptions and pa‐
tients without adequate hospital records, to ensure quality of data.

Global and index drug‐specific baseline characteristics of pa‐
tients are shown in Table 1. Sex was equally distributed for both 
global and index drug‐specific groups. Patients starting on exen‐
atide LAR once weekly (EXE OW) were significantly older as com‐
pared to those starting on liraglutide (LIRA) or dulaglutide (DULA); 
60.08 ± 10.1 years old vs 57.9 ± 11.08 and 58.8 ± 10.9 years old, 
respectively (P < 0.05), but patients on DULA presented a longer 
T2DM duration as compared to LIRA and EXE OW; 11.3 ± 9.6 years 
vs 8.1 ± 6.6 and 9.2 ± 6.06 years, respectively (P < 0.05). No differ‐
ences were found for HbA1c and FPG at baseline, but LIRA patients 
were significantly more obese (39.8 ± 6.9 kg/m2) than EXE OW 
(37.55 ± 5.9 kg/m2, P < 0.001) or DULA patients (37.38 ± 6.8 kg/m2, 
P < 0.05). Patients on DULA presented a significantly higher num‐
ber of background antidiabetic medications (2.51 ± 1.00) as com‐
pared to LIRA and EXE OW patients (2.17 ± 0.97 and 2.13 ± 0.98, 
respectively; P < 0.05), mostly driven by a significantly higher pro‐
portion of patients on basal insulin (52.63% vs 32.75% and 36.42%; 
P < 0.01). 83.23% of patients on LIRA maintained a 1.2 mg/d dose by 
first follow‐up visit (16.77% on 1.8 mg/d) which gradually declined 
to 35.53% by last follow‐up visit (64.47% on 1.8 mg/d); on average, 
59.46% remained on 1.2 mg/day. A very high proportion of patients 
starting lixisenatide (LIXI) were treated with insulin (94.06%), as this 
was the first GLP‐1 RA to receive approval from Spanish Health 

authorities for concomitant treatment with basal insulin. Globally, 
a very low number of patients were shifted to a different GLP‐1 RA 
during follow‐up (47, 6.39%) and most of these changes accounted 
for exenatide twice daily (EXE) transferred to LIRA (24, 22.2%). A 
subsequent analysis of this subgroup of patients showed no signif‐
icant changes in HbA1c or weight reductions. No patients were ini‐
tially or subsequently treated with albiglutide in this cohort.

Table 2 shows bi‐yearly evolution of baseline characteristics and 
preferences for prescription. Overall, prescription of GLP‐1 RA in our 
diabetic population has increased constantly, with a clear preference 
for LIRA and weekly‐based drugs (EXE OW and DULA), as these 
drugs were becoming available, over EXE and LIXI. A change was 
seen in patients’ baseline profile in time, as those starting a GLP‐1 
RA in 2015‐2016 presented a significantly higher duration of dia‐
betes, higher HbA1c at baseline and higher number of background 
antidiabetic medications, mostly dipeptidyl peptidase‐IV (DPP‐IV) 
inhibitors, sodium‐glucose cotransporter 2 (SGLT‐2) inhibitors and 
insulin, as compared to patients starting therapy early in 2009‐10.

3.2 | Effectiveness and tolerability outcomes

Table 3 reflects evolution of main clinical efficacy outcomes, HbA1c, 
FPG and BMI in subsequent follow‐up visits, tolerability, measured 
by incidence (first follow‐up visit) and prevalence (further follow‐up) 
of GI side effects (nausea, vomiting, abdominal pain or diarrhoea) 

TA B L E  1   All drugs and index‐druga specific baseline characteristics

All drugs EXE BID LIX LIRA EXE OW DULA

N (%) 735 108 (14.69) 51 (6.93) 328 (44.62) 176 (23.94) 72 (9.79)

Age (±SD) 59.7 ± 10.5 61.08 ± 9.6 63.4 ± 8.4 57.9 ± 11.08 60.08 ± 10.1* 58.8 ± 10.9

Male sex (%) 50 54 55 47 53 49

DM duration (years 
±SD)

9.01 ± 7.4 8.4 ± 5.9 12.5 ± 7.1*** 8.1 ± 6.6 9.2 ± 6.06 11.3 ± 9.6*

HbA1c (±SD) 8.18 ± 1.5 7.87 ± 1.5 8.21 ± 1.1 8.22 ± 1.6 8.20 ± 1.3 8.38 ± 1.7

FPG mg/dL (±SD) 177 ± 59 168 ± 54 174 ± 48 177 ± 62 182 ± 59 178 ± 65

BMI (±SD) 38.56 ± 6.6 37.55 ± 6.2 37.10 ± 6.5 39.8 ± 6.9 37.55 ± 5.9*** 37.38 ± 6.8*

GLP‐1 RA change (%) 6.39 23.1 9.8 1.5 5.7 1.4

Other ADM. N (±SD) 2.18 ± 0.99 1.92 ± 1.05 2.64 ± 0.86*** 2.17 ± 0.97 2.13 ± 0.98 2.51 ± 1.00*

Metformin (%) 91.29 88.79 88.02 94.15 88.44 94.74

SU (%) 31.46 36.46 19.93 32.35 34.10 21.05

DPP‐IV‐I (%) 37.24 19.81 38.07 41.29 38.73 42.11

Pioglitazone (%) 1.69 3.78 1.96 1.55 1.16 1.75

SGLT2‐I (%) 3.79 0.93 2.02 10.84 5.78 10.53

Basal insulin (%) 39.04 28.01 94.06 32.75 36.42 52.63

Bolus insulin (%) 18.38 18.92 38.07 17.32 11.11 28.57

ADM, antidiabetic medications; BMI, body mass index; DM, diabetes mellitus; DPP‐IV‐I, dipeptidyl peptidase‐IV inhibitor; FPG, fasting plasma glucose; 
SD, Standard deviation; SGLT2‐I, sodium‐glucose cotransporter‐2 inhibitor; SU, sulfonylurea.
aIndex‐drug: EXE BID: Exenatide twice daily; LIX: Lixisenatide; LIRA: Liraglutide; EXE OW: Exenatide once weekly; DULA: Dulaglutide. 
*P < 0.05. 
**P < 0.01. 
***P < 0.001 for exenatide twice daily vs lixisenatide or exenatide once weekly and dulaglutide vs liraglutide. Two‐sided t test for parametric 
variables. 
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and persistence on GLP‐1 RA treatment. Changes in background an‐
tidiabetic medication after introduction of GLP‐1 RA therapy are also 
described. For those patients with follow‐up longer than 24 months, 
last available hospital visit records were included for analysis, with 
an average follow‐up period of 39 months (±12.9, SD).

Overall, all GLP‐1 RA drugs significantly reduced baseline HbA1c 
with no significant differences among them (Figure 1A). Most of the 
HbA1c reduction was achieved by 6‐month visit and maintained 
throughout follow‐up, with a final HbA1c reduction of −0.93% vs 
baseline (8.18 ± 1.53 vs 7.25 ± 1.33; P < 0.001, ANCOVA test for 
repeated measures). FPG was significantly reduced from baseline 
by all GLP‐1 RAs but a trend towards a greater reduction for LIRA 
and weekly‐based EXE OW and DULA was seen, as compared to 
daily‐based EXE and LIXI (Figure 1B). All GLP‐1 RA induced a signif‐
icant weight loss from baseline with a final difference of −1.55 kg/
m2 (38.56 ± 6.6 vs 37.01 ± 6.1; P < 0.05, ANCOVA test for re‐
peated measures), which represented a final weight loss of 4.74 kg 
(105.36 ± 20.11 vs 100.62 ± 18.59 kg), and a 4.49% reduction of ini‐
tial body weight. As stated before, LIRA patients presented a signifi‐
cantly higher baseline BMI (Figure 1C).

A low proportion of GLP‐1 RA treatments did not reach ef‐
ficacy predefined as a reduction of HbA1c <0.5% or BMI <3% vs 
baseline, beyond 6 months of follow‐up. This proportion remained 

fairly constant (12.93%‐19.22%) among visits and resulted some‐
what similar to the proportion of patients discontinuing GLP‐1 RA 
treatment (12.05%‐21.58%) at every follow‐up visit. Overall with‐
drawal rate was 37.07% (272 patients) and overall lack of efficacy 
was 38.64% (284 patients; Figure 2). Tolerance, measured by pro‐
portion of patients complaining from GI adverse events, showed a 
low initial incidence of 13.81% with a significant reduction on subse‐
quent follow‐up visits. After the first year of follow‐up, only 5.57% 
of patients complained of GI adverse events, and this proportion was 
further reduced below 3% in subsequent follow‐up visits. Initial GI 
adverse events were reported by 25% of patients on EXE, 6% on 
LIXI, 10% on LIRA, 15% on EXE OW and 19% on DULA, respectively 
(Figure 2). Three cases of acute pancreatitis were retrospectively de‐
tected in this cohort of patients. One patient had a history of alcohol 
abuse and in two additional patients a diagnosis of gall bladder stone 
disease was performed after Hospital admission. In all cases, GLP‐1 
RA therapy was stopped following patient discharge from Hospital. 
No cases of thyroid medullary carcinoma were detected during fol‐
low‐up. Furthermore, 12 patients with morbid obesity underwent 
bariatric surgery throughout follow‐up and GLP‐1 RA therapy was 
subsequently stopped in all of them.

Finally, Table 3 reflects changes in background therapy after in‐
troduction of GLP‐1 RA treatment. Early in follow‐up, a significant 

TA B L E  2   Bi‐yearly evolution of baseline characteristics

All drugs 2009‐10 2011‐12 2013‐14 2015‐16

N (%) 735 66(8.98) 175 (23.80) 211 (28.70) 283 (38.5)

Age (±SD) 59.7 ± 10.5 60.9 ± 10.7 60.5 ± 10.5 59.1 ± 10.3 58.9 ± 10.8

Male sex (%) 50 50 51 46 52

DM duration (years ±SD) 9.01 ± 7.4 7.49 ± 5.2 8.91 ± 7.7 8.90 ± 7.0 9.51 ± 7.8*

HbA1c (±SD) 8.18 ± 1.5 7.84 ± 1.5 8.22 ± 1.7 8.01 ± 1.4 8.36 ± 1.4*

FPG mg/dL (±SD) 177 ± 59 175 ± 61 173 ± 60 174 ± 54 182 ± 62

BMI (±SD) 38.56 ± 6.6 37.72 ± 7.2 39.85 ± 6.9 38.99 ± 6.4 37.60 ± 6.3

Other ADM. N (±SD) 2.18 ± 0.99 1.89 ± 1.0 2.03 ± 0.95* 2.21 ± 0.99* 2.31 ± 0.99**

Metformin (%) 91.29 89.23 94.12 90.69 90.48

SU (%) 31.46 44.62 35.88 32.84 24.54

DPP‐IV‐I (%) 37.24 21.88 29.17 43.63 41.03

Pioglitazone (%) 1.69 3.13 2.37 1.96 0.74

SGLT2‐I (%) 3.79 0.0 0.59 0.98 8.79

Basal insulin (%) 39.04 24.62 28.24 37.75 50.18

Bolus insulin (%) 18.38 13.85 17.58 18.32 20.07

Index drug, n (%)

Exenatide bid 108 (14.69) 64 (96.92) 30 (17.14) 11 (5.21) 3 (1.06)

Lixisenatide 51 (6.93) 0 0 44 (20.85) 7 (2.47)

Liraglutide 328 (44.62) 2 (3.08) 145 (82.85) 112 (53.08) 69 (24.38)

Exenatide OW 176 (23.94) 0 0 44 (20.85) 132 (46.64)

Dulaglutide 72 (9.79) 0 0 0 72 (25.44)

ADM, antidiabetic medications; BMI, body mass index; DM, diabetes mellitus; DPP‐IV‐I, dipeptidyl peptidase‐IV inhibitor; FPG, fasting plasma glucose; 
SD, Standard deviation; SGLT2‐I, sodium‐glucose cotransporter‐2 inhibitor; SU, sulfonylurea.
*P < 0.05. 
**P < 0.01 vs 2009‐10. ANCOVA test for repeated measures. 
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reduction in number of antidiabetic drugs was observed (2.18 ± 0.99 
vs 1.80 ± 0.78 at 6 months; P < 0.001, ANCOVA test for repeated 
measures) and as expected, this reduction was mostly driven by a 
nearly total fall in use of DPP‐IV inhibitors. Conversely, a progressive 
increase in concomitant use with SGLT‐2 inhibitors was seen, while 
SU use remained fairly constant. Of note, in 25.28% of patients on 
basal insulin and in 66.0% on bolus insulin at baseline, insulin therapy 
was completely withdrawn in subsequent follow‐up visits.

4  | DISCUSSION

To our knowledge, this study represents the longest observational 
retrospective analysis published to date, including all GLP‐1 RA 
drugs available in Spain. Globally, its results confirm the long‐term 
effectiveness and safety of treatment with this therapeutic class 
as per routine clinical practice in a tertiary hospital setting, despite 
a significantly different baseline profile of patients at baseline as 
compared to randomized clinical trials. Inversely, a low therapeutic 
adherence measured by persistence on treatment was documented, 
despite a low incidence of gastrointestinal adverse events.

4.1 | Baseline characteristics of patients

In our cohort, patients starting on a GLP‐1 RA treatment were older, 
significantly more obese and their diabetes had a longer duration as 
compared to patients included in phase III RCTs from development 

programmes of liraglutide,21-26 exenatide LAR27-32 and dulaglu‐
tide.33 Overall, patients included in these trials had an average age 
of 55.7 years (vs 59.7 years old in our cohort), a diabetes duration 
of 7.2 years (vs 9.01 years in our cohort) and a baseline BMI of 
32.26 kg/m2 (vs 38.56 kg/m2 in our cohort). Interestingly, HbA1c at 
baseline in phase III RCTs was rather similar to that of our cohort 
(8.28% vs 8.18%, respectively).

As expected from a cohort followed at a tertiary centre, com‐
plexity of treatment was high, as confirmed by a long duration of dia‐
betes and a high proportion of patients being already on basal insulin 
(39.04%) or on basal‐bolus regimes (18.38%). An even distribution 
of patients on sulfonylurea (31.46%) and DPP‐IV inhibitors (37.24%) 
completed the baseline profile of antidiabetic medications in this 
group. As patients were consecutively included in the study from 
2009 to 2016, a specific evolution of baseline characteristics was 
found, with a trend towards a younger age and lower baseline BMI 
in later years. Conversely, we observed a longer duration of diabetes 
and a higher HbA1c, along with a higher proportion of patients with 
more background antidiabetic medications and a higher proportion 
of patients on insulin treatment. A possible explanation for this find‐
ing might be the increasing use of SGLT‐2 and DPP‐IV inhibitors, 
reflecting patients or physicians’ preference for noninjectable ther‐
apies. Moreover, as newer weekly‐based agents became available, a 
clear preference for them was observed, especially in the last two 
years of the observation period, where exenatide LAR and dulaglu‐
tide accounted for up to 72% of new prescriptions. Nevertheless, 
a low proportion of patients shifted to a different GLP‐1 RA agent 

TA B L E  3   Evolution of (A) efficacy and tolerability outcomes and (B) background antidiabetic therapy after introduction of GLP‐1 RA

Baseline 6 months 12 months 18 months 24 months 39 monthsb

N 735 548 421 283 188 163

HbA1c (%) (±SD) 8.18 ± 1.53 7.24 ± 1.45*** 7.29 ± 1.51*** 7.15 ± 1.29*** 7.23 ± 1.30*** 7.25 ± 1.33***

FPG (mg/dL) (±SD) 177 ± 59 145 ± 51*** 153 ± 53*** 146 ± 47*** 149 ± 43*** 153 ± 52**

BMI (kg/m2) (±SD) 38.56 ± 6.6 37.05 ± 6.1** 37.21 ± 6.8** 36.90 ± 6.0* 36.88 ± 5.8* 37.01 ± 6.1*

GI AE (%) 13.81 5.57 2.65 2.45 2.10

Withdrawal (%) 21.58 15.25 15.47 12.05 18.06

Lack of efficacya (%) 18.31 19.22 18.01 12.93 18.57

Other ADM. n (±SD) 2.18 ± 0.99 1.80 ± 0.78*** 1.77 ± 0.80*** 1.79 ± 0.81*** 1.74 ± 0.78*** 1.75 ± 0.80***

Metformin (%) 91.29 92.76 93.75 93.56 92.77 94.44

SU (%) 31.46 29.71 28.25 30.04 32.53 32.87

DPP‐IV‐I (%) 37.24 6.11 3.50 4.55 2.41 1.39

Pioglitazone (%) 1.69 0.96 1.26 1.9 1.81 3.47

SGLT2‐I (%) 3.79 6.11 5.76 6.82 6.63 11.11

Basal insulin (%) 39.04 36.12 34.84 34.09 30.12 29.17

Bolus insulin (%) 18.38 9.92 10.35 10.69 10.84 6.25

ADM, antidiabetic medications; BMI, body mass index; DPP‐IV‐I, dipeptidyl peptidase‐IV inhibitor; FPG, fasting plasma glucose; GI AE, gastrointestinal 
adverse events; HbA1c, Glycated haemoglobin; SD, standard deviation; SGLT2‐I, sodium‐glucose cotransporter‐2 inhibitor; SU, sulfonylurea.
aLack of efficacy defined as HbA1c reduction <0.5% and/or BMI reduction <3% after 6 months of follow‐up. 
bLast available hospital visit for patients with follow‐up visits beyond 24 months. 
*P < 0.05. 
**P < 0.01. 
***P < 0.001 vs baseline. ANCOVA test for repeated measures. 
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FIGURE 1 Evolution of A, HBA1C; B, FPG 
and C, BMI during follow‐up at 6‐month 
intervals. ( ) DULA; ( ) EXE OW;  
( ) EXE BID; ( ) LIXI; ( ) LIRA and 
( ) GLOBAL. BMI, Body mass index; 
DULA, Dulaglutide; EXE BID, Exenatide 
twice daily; EXE OW, Exenatide once 
weekly; FPG, Fasting plasma glucose; 
HBA1C, Glycated haemoglobin; LIRA, 
Liraglutide; LIX, Lixisenatide. Bars 
represent Standard DeviationN 735 548 421 283 188 163
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from another, with the exception of 23% of patients on exenatide 
twice daily who migrated mostly to liraglutide.

Baseline characteristics of our cohort seem to be in line with 
other published real‐world observational studies. In Spain, Mezquita 
et al published in 2015 the eDiabetes Monitor Study,34 a nation‐wide 
multicentre observational study including 753 patients followed for 
one year after introduction of liraglutide. Baseline characteristics 
of patients included 55.6 years of age, 10.0 years of diabetes dura‐
tion, baseline BMI of 38.6 kg/m2 and HbA1c of 8.4%. In this study, 
27% of patients were on insulin treatment and 73.5% of patients 
maintained the 1.2 mg dose of liraglutide, as opposed to 59.46% 
in our study. Gorgojo et al have recently published the CIBELES 
study,35 a multicentre observational study including patients from 
four tertiary hospitals in Madrid, where 148 patients were retro‐
spectively followed for one year after introduction of exenatide 
LAR. Again, patients at baseline were 58.0 years old and had a high 
BMI (38.4 kg/m2), but a lower HbA1c (7.7%) and shorter duration 
of diabetes (6.0 years). A possible explanation for these differences, 
despite a similar hospital setting, could be that patients on prior in‐
sulin therapy were specifically excluded in this study. Lapolla et al36 
have recently published a long‐term multicentre retrospective study 
including 1723 patients from different diabetes centres throughout 
Italy, evaluating effectiveness and tolerability after introduction of 
liraglutide. Not surprisingly, average age at baseline was 58.9 years 
old, duration of diabetes was 9.6 years, and HbA1c was 8.3%. In this 
study, BMI at baseline was one of the lowest published so far in real‐
world studies (35.6 kg/m2). A possible explanation for this lower 
baseline BMI could rely on a high proportion of patients on met‐
formin monotherapy at baseline (46.6%) and a very low proportion 
of patients on concomitant treatment with insulin (5.8%), reflecting 
a lower complexity of diabetes in this cohort. At 12 months, 58.5% 
of patients were on 1.2 mg/d of liraglutide. Due to its late approval, 
very scarce data are available on RW studies with dulaglutide. Mody 
et al37 have published a retrospective analysis of patients included in 
the HealthCore Integrated Research Database intended to evaluate 
effectiveness and therapeutic adherence among patients initiating 
dulaglutide treatment. A total of 308 patients were included with 
a follow‐up of 6 months. Baseline age was 53 years old and HbA1c 
8.49%. No data were provided for baseline BMI, weight loss or du‐
ration of diabetes.

Other RW studies worldwide have shown similar patients base‐
line characteristics pointing towards older age and significantly 
higher BMI as compared to those on clinical trials, yet with a similar 
HbA1c.38-41 These differences, especially regarding BMI, might re‐
flect an unrealistic approach of prescribing physicians based upon 
the anti‐obesity effect of the class. Indeed, in a meta‐analysis of 
GLP‐1 RA head‐to‐head trials performed by Trujillo et al6 a range of 
1.3‐3.8 kg weight loss was observed for different GLP‐1 RAs, which 
does not seem to preclude a very optimistic impact on weight for 
patients with such high BMIs. Nevertheless, more data are needed 
regarding weight loss, as combination therapy with SGLT‐2 inhibitors 
and GLP‐1 RAs is becoming more prevalent in T2DM population and 
randomized trials are offering promising results.42,43

4.2 | Effectiveness and tolerability

Our data showed a significant reduction of baseline HbA1c, FPG and 
BMI for the GLP‐1 RA class, achieved early since the first follow‐up 
visit. No differences were seen for different drugs in terms of HbA1c 
reduction, although exenatide twice daily and lixisenatide showed 
a trend for a lower fasting plasma glucose reduction as compared 
to liraglutide and weekly‐based GLP‐1 RAs. This observation makes 
sense from a pharmacokinetic point of view, based upon their lower 
plasma half‐life as compared to other drugs of the class and is in line 
with observations derived from phase III trials.21,28,33 At final fol‐
low‐up visit, a sustained reduction of HbA1c of 0.93% was achieved, 
along with a reduction of FPG of 24 mg/dL, both in keeping with 
reductions observed in many other RW studies with different GLP‐1 
RA molecules.34-37 Nevertheless, when these results are compared 
to those of RCTs, differences are noticeable. Taken together, aver‐
age reduction of baseline HbA1c from phase III trials with liraglutide 
(LEAD 1‐6 trials), exenatide LAR (DURATION 1‐6 trials) and dula‐
glutide (AWARD 1‐6 trials) was 1.33%. Carls et al16 have highlighted 
this difference pointing towards a lack of therapeutic adherence and 
differences in baseline characteristics of patients as the main drivers 
for the gap in efficacy outcomes between RW studies and RCTs. As 
noted before, our cohort included older patients with longer dura‐
tion of diabetes, treated with larger numbers of antidiabetic medica‐
tions (including a higher proportion of patients on insulin treatment) 
as compared to RCTs, despite a similar baseline HbA1c. On the other 
hand, in our study we found a constant withdrawal rate of around 
15% of patients in every follow‐up visit, with a total discontinuation 
rate of 37.07%, which indeed is higher than drop‐out rate found in 
phase III trials mentioned before. As per the retrospective design of 
this study, no other treatment adherence measurements could be 
carried out.

All drugs significantly reduced BMI throughout follow‐up visits, 
but considering the important differences observed in baseline BMI 
of different GLP‐1 RAs, direct comparisons among agents in this 
setting would be undoubtedly biased. Interestingly, the higher BMI 
at baseline observed in our cohort deemed a greater weight loss 
(4.74 kg) as compared to RCTs. Average weight reduction in LEAD, 
DURATION and AWARD programmes was 2.4 kg. This observation 
is confirmed by other RW studies with weight reductions ranging 
from 3.4 to 4.5 kg.34-40

Thong and colleagues critically evaluated NICE recommenda‐
tions on use of GLP‐1 RA therapy,44 concluding that few patients 
achieved proposed criterion of HbA1c reduction ≥1% as a require‐
ment for continued GLP‐1ra treatment as this would unfairly fa‐
vour patients with higher baseline HbA1c. They recommended 
that this should be replaced by a target HbA1c reduction that is 
indexed to an individual’s baseline HbA1. Following these criteria, 
and based upon a general recommendation for antidiabetic ther‐
apy, we evaluated clinical effectiveness of GLP‐1 RA in our cohort 
with a modified definition, including a HbA1c reduction of ≥0.5%. 
Conversely, and based upon the same reasoning by Thong and 
colleagues, a BMI reduction of ≥3% was considered appropriate, 
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for a cohort with a high baseline BMI. In this context, we found 
that 38.63% of patients did not reach efficacy goals for HbA1c or 
weight reduction, taken together.

Gastrointestinal adverse events were self‐reported by a low pro‐
portion of patients, 14.96%, most of them by the first follow‐up visit, 
which is in line with data from RCTs and other RW studies.6,35,36 
Interestingly, proportion of patients who discontinued treatment co‐
incided to a large extent with proportion of patients lacking efficacy 
as per our proposed definition. Globally, 37.07% of patients with‐
drew from GLP‐1 RA treatment. These observations raise the possi‐
bility that in this cohort, lack of efficacy rather than tolerance might 
be the main reason for discontinuation of therapy. It is our sense that 
unaccomplished great expectations on weight reduction for both, 
patients and physicians, might underlay this withdrawal rate.

Our study has several weaknesses. First, its single‐centre de‐
sign might make it unsuitable for generalized conclusions, but as 
observed, main results are absolutely in line with other large multi‐
centre RW studies. Second, all GLP‐1 RAs have been included in the 
analysis, when it is clear that routine clinical practice is putting aside 
short acting GLP‐1 RAs exenatide and lixisenatide. Nevertheless, ef‐
ficacy outcomes have shown few differences among drugs, specially 
in HbA1c reduction. Finally, due to late approval of dulaglutide use 
in Spain, few patients with shorter follow‐up on this drug have been 
included in the analysis. Main strengths of our study include a high 
number of patients followed for a long period of time. A total of 163 
patients were followed for an average of 39 months, representing to 
our knowledge the longest follow‐up period included in a RW study.

In conclusion, our long‐term observational study has shown that 
all GLP‐1 RAs effectively reduced HbA1c and weight, despite sig‐
nificant differences in baseline characteristics, in a large cohort of 
patients with type 2 diabetes with severe obesity. A high proportion 
of patients discontinued treatment despite a low proportion of GI 
side effects, probably based upon a perception of lack of effective‐
ness, although rejection of injectable therapy and cost may probably 
play an important role too. More RW studies are needed, specially 
aimed to disclose factors affecting lack of efficacy and treatment 
adherence. Physicians worldwide probably need to reconsider a high 
BMI rather than suboptimal HbA1c as a leading reason to introduce 
a GLP‐1 RA agent in the treatment of type 2 diabetes.
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